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1. Greenhouse effect
9. Latent heat release 1n convection

3. T'he lightness ot water vapor




T'he hghtness of water vapor stabilizes Earth’s chimate:

1D, 2D, and 3D models

3. T'he hightness of water vapor
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Strongly reduced equator-to-pole temperature gradient in
the past warm climates
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Blue dashed: Reference SST
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Strongly reduced equator-to-pole temperature gradient in
the past warm climates
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Strongly reduced equator-to-pole temperature gradient In
the past climates
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Horizontal buoyancy gradient is negligible in the tropical free
troposphere. However, there is significant temperature gradient.
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No forces can balance horizontal buoyancy grad
troposphere.
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Horizontal buoyancy gradient is negligible in the tropical free
troposphere. However, there Is significant temperature gradient.
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Cold air rises!
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Horizontal buoyancy gradient is negligible in the tropical free

troposphere. However, there is significant temperature gradient.
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The Iightnbéss of water vapor has profound
impacts on the thermal structure
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The lightness of water vapor can increase OLR

Dry Moist Dry

Two stand-alone atmospheres with same SST; no/weak rotation
The circulation corresponds to Hadley/Walker circulation

= Virtual Temperature



This effect increases with warming—a negative climate
feedback

a b
" , Climate
/ warming
OLR Water vapor
h
Vapor buoyancy
0
effect
Dry Moist Dry
Key ingredients: | D: imposed
|) overturning circulations (moist and dry columns); 2D: self-emerged

2) weak B gradients but significant T gradients 3D: self-emerged



A few important numbers

Radiative forcing c

e to C

oubling CO» is about 3 = 4 W/m?2

The strength of surface albedo feedback and cloud feedback s
about 0.1 W/m2/K
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The lightness of water vapor can increase OLR

Tdry > Tmoist — Tdry,nOVB

Dry Moist Dry

AT = Tdry o Tdry,noVB — Tdry — 1,

moist

= Virtual Temperature



AT increases with surface temperature and moisture
contrasts

1
. AT =T 5 ~1) (=12

moisture
contrast

) — 280 K

300 K
320 K

dot-dashed: p = 0.2
10 solid: f =0.5
dashed: /= 0.3




Order-of-magnitude calculations using a | D model
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Order-of-magnitude calculations using a | D model
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Moist and dry patches are simulated in 2D cloud-resolving
model (CRM) simulations
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Moist and dry patches are simulated in 2D cloud-resolving
model (CRM) simulations
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Moist and dry patches are simulated in 2D cloud-resolving

model (CRM) simulations

(9) SST=310K,No V.B. (h) sST=310K, With V.B
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The lightness of water vapor increases OLR
[ his effect Increases with warming, a negative feedback
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2D CRM results confirm our | D results
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We further test the hypothesis in a 3D GCM

With vapor buoyancy No vapor buoyancy
Temperature —  Temperature = AT~ O(1.5 K)
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[he radiative effect peaks in the tropics

[he max value I1s about 5> VW/m?
The global-averaged value 1s about |.5 W/m?

AOLR ~ O(5 W/m?)

Radiative effect (W/m?)
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Effectively stabilize tropical climate!



3D GCM simulations confirm our hypothesis

[ he global-averaged radiative effect 1s about |.5 VV/m?
This effect increases with warming

Global-averaged radiative effect AAOLRIAT ~ 0.2 W/m2/K
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The lightness of water vapor stabilizes tropical climate
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T'he hightness of water vapor 1s incredible!
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The radiative effect of vapor buoyancy is about | W/m?
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Use WBG to constrain temperature differences

Require the virtual temperature being horizontally uniform

We can solve for the temperature difference by assuming
the molist column Is saturatec

ATWBG:Tm(i 1) (Vm—l”d)

lemperature difference between the two dry columns

Note: 7, =T,,,vz



